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INTRODUCTION 

Tha  Buddan  failure  or  malfunction  of  fuel  lubricated  aircraft 
ooiqponants  auoh  as  fuel  pusyps  and  fuel  controls  can  hava  disastrous 
conseqpienaas.  The  probability  of  lubricity  related  malfunctions  has 
increased  with  the  introduction  of  more  sophisticated  engines  and 
the  use  of  more  severely  hydrotreated  fuel  necessitated  by  the  energy 
crisis.  The  Navy  recently  experienced  lubricity  problems  involving 
a hang-up  in  the  fuel  control  of  the  TF30-P-408  engine  in  the  A~7B 
aircraft.  In  order  to  alleviate  this  problem,  the  Navy  has  bean  adding 
Hitec  E-51S,  an  approved  corrosion  inhibitor  that  is  known  to  improve 
lubricity,  to  fuel  onboard  aircraft  oarriers  on  which  A-7B/c's  are  deployed. 

In  order  to  more  fully  understand  the  causes  of  lubricity  problems 
arid  to  hava  a means  of  solving  them  if  they  do  occur,  the  Navy  initiated 
a program  to  determine  the  factors  that  affect  fuel  lubricity  and  to 
develop  a way  of  maintaining  good  lubricity.  This  work  was  begun  in 
FY  1975  and  continued  through  FY  1977.  The  authorization  for  FY  1977 
is  listed  in  reference  1. 

The  teat  instrument  used  in  the  program  is  the  Dall-on-Cylinder  Machine 
(BOOM) , a device  that  reports  had  shown  was  capable  of  distinguishing 
between  good  and  poor  lubricity  fuels  as  well  as  being  able  to  detect  the 
known  beneficial  effects  of  corrosion  inhibitors  on  poor  lubricity  fuel. 

In  addition  to  its  own  work,  the  Navy  is  also  cooperating  with  the 
Coordinating  Research  Council  Aviation  Fuel  Lubricity  Group  in  evaluating 
the  repeatability  and  reproducibility  of  the  BOCM. 

CONCmSIOHS 

1.  The  BOOM  can  be  used  to  distinguish  between  fuels  with  good  and  poor 
lubricity. 

2.  The  primary  factor  affecting  the  lubricity  of  jet  fuels  is  the  type 
and  amount  of  non-hydrocarbon  impurities  in  the  luel.  Hydrotreating 
and  clay  filtration  remove  impurities  from  the  fuel  and  thus  make  Its 
lubricity  wrse. 

3.  Cbeages  in  fuel  exHaposition  within  speoifioation  limits  do  not 
slgnifloantly  affect  the  lubrioity  of  JF-.4. 

4.  Orgenio  eoide  end  siost  typee  of  nitrogen  containing  Impuritiea  invrove 
the  lubrioity  of  JP-5,  while  eulfur  compoundi.  and  non-acid  oxygan  containing 
Impurities  either  have  no  effect  or  a slight  detrimontel  effect  on 
lubrioity. 

5.  Corrosion  inhibitors  improve  the  luboricity  of  JP-5.  Their  effeotivenens 
Inoreesee  with  inoreeeing  concentretion  in  their  allowable  concentration 

range. 
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6.  Anti-oxidants  and  anti-icing  additive  have  no  effect  on  lubricity  in 
their  allowable  concentration  range. 

7.  The  addition  of  10-20  percent  of  a fuel  with  good  lubricity  to  one 
with  poor  lubricity  will  usually  result  in  a fuel  with  acceptable 
lubricity. 

8.  Deoxygenation  aignificantly  improves  the  lubricity  of  fuels  with  poor 
lubricity I however,  it  has  little  or  no  effect  On  fuels  that  already  have 
good  lubricity. 

9.  Most  current  JF-S  fuels  contain  a sufficient  amount  of  naturally 
occurring  non-hydrocarbon  impurities  to  provide  good  lubricity. 

RECOMMENDATIONS 

1.  The  BOCM  should  oontinue  to  be  used  to  evaluate  fuels  suspected  of 
causing  problems  because  of  poor  lubricity  and  to  monitor  fuel  samples 
from  the  fleet  to  prevent  future  lubricity  problems. 

2.  Vihenever  possible,  hydrotreated  fuels  should  be  mixed  with  non- 
hydrotreated  fuels  before  use  to  prevent  problems  due  to  poor  lubricity. 

3.  Corrosion  inhibitors  should  be  added  to  fuels  to  improve  their  lubricity 
whan  necessary. 

4.  The  Navy  should  continue  to  cooperate  with  the  Coordinating  Research 
Counoil-Aviation  Fuel  Lubricity  Croup  in  evaluating  the  repeatability 
and  reproducibility  of  the  BOCM, 

DESCRIPTION 


1.  The  BOCM  is  a device  for  measuring  the  affects  of  various  fluids  on 
wear  and  friction.  A schematic  of  the  device  is  shown  in  figure  1 and 
a photograph  of  the  basic  instrument  is  shown  in  figure  2.  Figure  1 
should  be  referred  to  in  conjunction  with  the  description  that  follows. 
Letters  in  parentheses  refer  to  specific  items  In  figure  1. 

2.  The  BOCM  consists  of  a non-rotating  0.5  inch  diameter  steal  ball  (A) 
held  in  a vertically  mounted  chuck  (B)  and  forced  against  the  highest 
point  on  the  outer  surface  of  a 1*75  inch  diameter  steel  cylinder  (C) . 
Detailed  specifications  for  the  ball  and  cylinder  are  found  in  Appendix 

A.  The  ball  and  cylinder  are  positioned  inside  an  open  topped  rectangular 
reservoir  (D)  that  contains  a sufficient  astount  of  test  fluid  to  cover 
the  bottom  portion  of  the  cylinder.  The  cylinder  is  axially  mounted  on 
a horixontal  shaft  (B)  that  passes  through  the  sides  of  the  reservoir 
and  is  connactad  to  a variable  speed  motor  (not  shown) . The  entire 
apparatus  is  snunted  on  a phenolic  bate  (F) . 

3.  Holes  drilled  in  the  base  and  aide  of  tha  rasarvoir  (G)  allow  purge 
gas  of  s daslrad  oomposition  and  hvanidity  to  ba  bubblad  over  and  through 
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the  test  fluid.  The  humidity  of  the  purge  gas  is  controlled  by  volu- 
metrically  mixing  dry  gas  (passed  through  ''Drier Ite"  (W.  A.  Hamtiiond 
Company  brand  of  calcium  sulfate) ) and  saturated  gas  (bubbled  through 
two  water  filled  spargers  in  series)  in  the  desired  proportions. 

4.  There  is  no  system  for  controlling  the  temperature  of  the  test  fluid 
in  the  BOCMi  initial  fluid  temperature  is  determined  by  ambient  conditions. 
A thermocouple  (not  shown)  looatad  on  the  bottom  of  the  reservoir  is  used 
to  record  the  temperature  of  the  test  fluid. 

5.  load  is  applied  to  the  cylinder  by  hanging  weights  on  the  hook  (H) 

at  the  end  of  the  balanoe  beam  ( J) . The  balance  beam  is  designed  so  that 
tha  ball  is  located  exactly  midway  between  the  pivot  point  (K)  and  the 
weight  hook  (H) . This  makes  tha  vertical  load  on  the  ball  equal  to  twice 
the  load  applied  at  the  weight  hook. 

6.  The  BOCM  can  also  be  aet  dp  to  measure  tha  frictional  force  between  the 
ball  and  cylinder.  Other  operatora^  however,  fouivd  that  wear  measurements 
were  much  more  sensitive  to  differanoea  between  fuels  than  friction 
measucementa . This  was  confirmed  during  early  experiments  with  the  BOCM 
and  all  remaining  testa  ware  performed  using  wear  as  the  only  measurement 
of  lubricity. 

MBTHOD  OF  TEST 

1.  Standard  operating  Conditions  for  BOCM.  Work  done  by  other  BOCM 
operator*  prior  to  the  Navel  Air  Propulsion  Teat  Ccntar's  (NAPTC's) 
acquisition  of  its  instrument  resulted  in  the  establishment  of  a set 
of  standard  operating  oonditiona  for  the  BOCM.  These  conditions  are 
as  follows I 

a.  ioadt  1000  g 

b.  Speed I 240  rptt 

o.  Durationi  32  minutes 
d.  Fuel  Volume^  25  ml 

a.  Test  Fluid  Temperature  I 77  jK  3*F  (25  1.5*0  at  beginning  of 

test.  ^ ~ 

f.  Purge  Ain  10  percent  Relative  Humidity,  77  3*F  (25  + l.S*c) 

temperature.  ~ 

g.  Purge  Air  Flow  Ratei  10  standard  cubic  feat  per  hour  bubbling  over 
end  through  test  fluid. 

h.  Pretreatment  of  Fuel  in  Resarvoin  IS  minutes 

Unless  otherwise  notedi  all  results  inoludsd  in  this  rsport  wsre  obtained 
under  these  oonditlons. 

2.  operating  Procedure. 

a.  Tha  ball,  cylinder  and  inside  of  the  reservoir  are  all  cleaned 
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with  solvent  and  dried  by  suction  to  remove  any  outside  contaminants 
or  residue  from  previous  runs.  Details  of  the  cleaning  procedure  are 
found  in  Appendix  B.  The  position  of  the  cylinder  Is  adjusted  so 
that  the  ball  is  in  contact  with  fresh  surface.  The  teat  fluid  is 
added  to  the  reservoir  and  sparged  with  gas  of  the  desired  composition 
and  humidity  for  15  minutes.  The  motor  is  then  turned  on  and  the 
cylinder  brought  to  operating  speed  of  240  rpra.  The  rotation  of  the 
cylinder  carries  test  fluid  into  the  ball-cylinder  contact  area.  The 
desired  amount  of  weight  is  then  hung  from  the  weight  book  and  the  timer 
started.  The  test  is  continued  for  32  minutes.  Removable  teflon  covers 
are  used  on  top  of  the  reservoir  to  prevent  contamination  and  to  make 
it  easier  to  maintain  a constant  humidity  and  gas  composition  inside 
the  reservoir.  The  purge  gas  is  left  on  throughout  the  test.  At  the 
end  of  the  test«  the  weight  is  removed,  the  motor  shut  off  and  the 
ball  removed  from  the  chuck. 

b.  The  rotation  of  ^he  cylinder  against  the  ball  produces  a wear 
scar  on  the  ball  and  a wear  track  on  the  cylinder.  The  size  of  the  wear 
scar  la  a measure  of  the  lubricity  of  the  test  fluid ; the  larger  the 
scar,  the  poorer  the  lubricity. 

DISCUSSION  AND  ANALVSIS  OF  RESULTS 

1.  Repeatability  of  Results. 

a.  The  quality  of  test  results  depends  to  a large  extent  on  how 
accurately  they  can  be  repeated.  Random  variations  in  operating  pareuneters 
can  cause  unwanted  varleibillty  in  BOOM  results.  The  extent  of  this 
variability  and  the  effects  of  several  operating  pareuneters  on  it  are 
discussed  in  following  paragraphs. 

b.  Day  to  day  varifdjllity.  The  day  to  day  variation  in  WSD  of  three 
JP-5  fuels  run  under  standard  operating  conditions  was  measured.  The 
first  fuel  had  an  average  HSD  of  0.34  mm  with  a standard  deviation  of 
0.019  mm  (9  runs).  The  second  fuel  had  an  average  WSD  of  0.41  mm  with 

a standard  deviation  of  0.031  mm  (13  runs).  The  third  fuel  had  an  average 
WSD  of  0.63  mm  with  a standard  deviation  of  0.047  mm  (9  runs).  The  increase 
in  standird  deviation  with  increasing  WSD  agrees  with  the  data  of  Garabrant 
(raferancc  2) , who  found  that  the  absolute  size  of  the  test  error  increased 
with  increasing  WSD  whether  the  increase  was  caused  by  ohanges  In  fuel 
properties  or  operating  conditions. 

o.  Causes  of  variability.  There  are  a number  of  factors  that  can 
effect  WSD^  s.  They  include  cylinder  hardness  and  surface  finish,  ball 
hardness  and  surface  finish,  test  duration,  load,  rpm,  inlet  air  temperature 
and  humidity,  and  cylinder  claanlinsss.  Those  variables  that  could  be 
adjusted  independently  were  studied  to  see  if  any  of  them  were  the  possible 
cause  of  a significant  amount  of  random  error.  Test  results  are  sunmarized 
below. 


(1)  Test  duration,  load  and  RPM.  Tha  affect,  of  email  ohanges  in 
test  duration,  load  and  RPM  on  WSD  is  shown  in  Table  X.  The  data  Indioates 
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that  random  variations  In  these  parameters,  which  are  expected  to  bo 
considerably  smaller  than  the  variations  shown  in  Table  I,  will  not 
significantly  effect  test  results. 

(2)  Inlet  air  temperature  and  humidity.  An  estimate  was  made  of 
the  effects  that  random  variations  in  inlet  air  temperature  and  humidity 
could  have  on  WSD.  Calculations  were  based  on  ].ab  data  showing  that,  in 
the  range  of  5-20  percent  R.H.  inlet  air,  WSD  of  a typical  JP-5  fuel 
increases  by  approximately  0.01  mm  for  every  two  percent  increase  in 
relative  humidity.  The  maximum  random  variation  in  inlet  air  temperature 
about  the  standard  77*F  operating  temperature  was  estimated  to  be  +3**?. 

The  maximum  random  variation  in  inlet  air  humidity  about  the  staiidard 
ten  percent  R.H,  was  estimated  to  be  ^3  percent  R.H.  Results  showed  that 
the  maximum  error  in  WSD  due  to  random  variations  in  Inlet  air  temperature 
and  relative  humidity  (equivalent  to  going  from  77°F,  ten  percent  R.H.  to 
either  74**F,  seven  percent  R.H.  or  80*F,  13  percent  R.H.)  would  be  about 
0.02  mm.  The  average  error  duo  to  temperature  and  humidity  variations 
should  be  considerably  smaller.  The  effect  of  large  changes  in  inlet  air 
humidity  is  presented  in  paragraph  11. 

(3)  The  effects  of  the  other  variables  listed  in  paragraph  l.c. 
could  not  be  individually  estimated. 

2.  Definition  of  "Real"  Changes  in  WSD. 

a.  In  the  process  of  evaluating  tha  effects  of  various  compounds  on 
lubricity,  it  became  necessary  to  decide  when  the  difference  between  two 
measured  WSD's  was  "real”  and  when  It  could  be  attributed  to  random 
variations.  It  was  decided  that  if  tha  difference  between  two  measured 
WSD's  was  greater  than  two  standard  deviations  it  would  be  considered 
"real";  if  not,  it  would  be  attributed  to  random  variations.  On  the  basis 
of  the  data  in  paragraph  l.b.  and  the  fact  that  most  of  the  clay  filtered 
JP-5  fuels  used  as  base  fluids  had  WSD's  between  0.55  and  0.60  trnn  under 
standard  conditions,  two  standard  deviations  were  deti'minad  to  be  +0.09 
nm. 


b.  In  cases  where  fuels  othsr  than  clay  filtered  JP-5  were  used  as  base 
fuels,  the  criterion  for  determining  real  changes  was  adjusted  according 
to  the  initial  WSD  of  the  fuel. 

3.  Definition  of  flood  and  Poor  Lubricity  Fuels. 

a.  The  only  way  of  eatabllahing  a definition  of  a poor  lubricity  fuel 
is  to  obtain  samples  of  fusis  that  ars  known  to  have  caused  problems  in 
ths  flsld  beosuss  of  poor  lubricity  snd  memsuring  thslr  WSD's.  Rafersnee  3 
reported  that  two  JP-4  fuels  that  eaused  problems  gavs  WSD's  of  0.58  and 
0.51  nn  undsr  standard  operating  conditions.  Reference  4 reported  that  a 
JP-5  fual  known  to  have  caused  lubricity  problems  gave  a WSD  of  0.49  nsn 
under  standard  conditions. 

b.  A survey  of  fuels  with  good  lubricity  (no  reported  field  problems) 
revealed  that  none  of  them  produced  a WSD  larger  than  0.42  ran  undsr  standard 
conditions. 


5 


NAPTC-PE-112 


c.  ThuSf  ft  poor  lubricity  £u*l  can  be  defined  as  one  which  produces 
ft  WSD  of  0.49  mm  or  greater  under  standard  operating  conditions.  A good 
lubricity  fuel  can  be  defined  as  one  which  produces  a USD  of  0.42  mn  or 
leas  under  standard  conditions.  Fuels  giving  WSD's  between  0.43  and 
0.48  UBS  under  standard  conditions  are  considered  marginal  and  their 
acceptability  would  depend  on  the  severity  of  operating  conditions. 

4.  Base  Fuel. 


a.  This  project  is  concerned  with  determining  the  factors  that  affect 
the  lubricity  of  JP-5.  There  are  two  ways  of  approaching  the  problem.  One 
is  to  evaluate  different  variables  using  a pure  compound  or  combination  of 
compounds  as  a base  fuel.  This  is  advantageous  because  it  limits  the 
number  of  components  in  the  system,  is  easily  analysed  and  can  be  raproduoed 
at  other  laboratories.  The  main  drawback  to  using  pure  com]  ounda  is  finding 
a system  that  will  react  the  same  way  as  JF-5.  The  second  method  is  to 
evaluate  different  variables  using  JF-5  as  a base  fuel. 

b.  In  surveying  the  literature  to  find  a suitable  compound  for  use  as 
a base  fuel  it  was  found  that  certain  combinations  of  materials  give  un- 
expected results;  for  example,  mixing  low  concentrations  of  a polycyclic 
aromatic  compound  with  a paraffinic  hydrocarbon  results  in  WSD's  lower 
than  chose  found  with  either  pure  oompound  (reference  5).  In  addition, 
the  effects  of  certain  additives  seem  to  depend  on  the  composition  of  the 
base  stock  and  test  results  are  not  always  in  agreement  with  those  found 
uaing  real  fuels  (reference  6).  For  these  reasons,  it  was  decided  to  use 
JP-5  fuel  as  the  base  fuel. 

c.  Initial  tests  with  fuels  from  several  different  refineries  and 
Navel  Air  Stations  revealed  that  all  of  them  had  good  lubricity.  In  order 
to  make  It  sailer  to  compare  the  effects  of  various  additives  and  impurities 
on  Lubricity,  it  was  daclded  to  suka  the  lubricity  of  the  bsse  fuel  worse 
by  filtering  It  through  attapulgus  clay.  The  clay  filtration  Increased 

Che  HSD  of  Che  base  fuels  from  less  than  0.42  twi  to  greater  than  O.SO  mm. 
Differences  in  baae  line  data  found  in  different  sections  of  this  report 
are  due  to  batch  to  batch  variation  in  base  fuels. 

d.  Base  fuels  ware  changed  regularly  to  insure  that  test  reaulta 
were  independent  of  fuel  sources.  Test  fuels  were  drawn  from  fuel  simples 
received  from  all  over  the  continental  United  Statea.  Teat  results  ob- 
tained using  a sit^la  base  fuel  were  spot  checked  using  other  base  fuels 
to  alimlnats  any  possible  fuel  effects. 

e.  In  addition  to  using  clay  filtered  JF-S,  selected  tests  ware  run 
using  unfiltarad  JP-S  and/or  Ashland  140  solvent  (a  saveraly  hydrotcaatsd 
petrolaun  product  manufaoturad  by  Ashland  Cheialoal  Company,  Ashland,  Ksntucky, 
with  propartlas  similar  to  those  of  JP-5).  The  140  solvent  had  vary  poor 
luhrislty,  normally  giving  WSD's  of  batwaan  0.70  on  and  O.SO  nn  under 
standard  operating  conditions.  Propartlas  of  a typical  .TP*<5  and  140  solvent 
are  listed  In  Appendix  C. 
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5.  ScuCfing  and  Mon-Seufflng  W«ar. 

a.  Thar*  ara  two  typaa  of  w«ar  that  can  occur  with  the  BOCMt  ordinary 
wear  and  scuffing  wear.  Scuffing  waar  la  a catastrophic  form  of  adhesive 
wear  raaultlng  from  fallura  of  tha  surface  film.  Scuffing  Is  accompanied 
by  tha  rubbing  away  of  large,  visible  plecas  of  metallic  debris. 

b.  In  tha  BOCM,  tha  occurrence  of  scuffing  depends  on  the  Ixibriclty 
of  the  fuel  and  tha  severity  of  tha  test  conditions.  For  example.  Iso- 
octane  will  begin  to  scuff  after  about  four  minutes  under  standard  operating 
conditions  whila  140  solvent  will  only  scuff  under  conditions  of  high 
humidity  and  JP-S  will  not  scuff  at  all  under  the  most  severe  conditions 
triad  (1400  g load,  80  percent  R.H.).  WSD's  obtained  under  scuffing 
conditions  cannot  be  campared  to  non-soufflng  data  because  the  wear  inodes 
ara  different.  The  onset  of  scuffing  is,  however,  a sign  that  the  fluid 
being  tested  has  very  poor  lubricity. 

6.  gffeot  of  Impurities  on  lubricity.  The  effects  of  trace  levels  of  sulfur, 
nitrogen  and  oxygen  compounds  representative  of  those  found  In  JP-5  were 
evaluated, 

a.  Sulfur  Cosipounds.  The  maximum  allowable  concentration  of  sulfur  In 
JP-5  is  limited  by  MXL-T'*S624K  to  0.4  percent  (wt)  sulfur  or  about  two 
parcant  (wt)  sulfur  compoundsi  however,  typical  JP-S  fuels  usually  contain 
lass  than  0.1  parcant  (wt)  sulfur.  Four  sulfur  compounds  were  evaluated 
at  ooncentrationa  up  to  3500  ppm  (0.25  percent) . Data  ia  preaented  in 
Tabla  IX.  Non#  of  tha  matariala  axamined  Improvad  lubricity i one  made 
lubricity  considerably  woraa. 

b.  Nitrogan  compounds.  MI1.-T-S634K  doss  not  sat  an  upper  limit  for 
tha  nitrogan  concentration  of  JP-Sj  howevar,  raferance  7 reported  the 
maximum  expaotsd  concentration  of  nitrogan  oonpounds  in  JP-5  to  be  about 
1000  ppm.  Tha  af facts  of  up  to  500  ppm  of  nitrogen  containing  compounds 
on  lubricity  wara  maasured.  Data  is  pressntad  In  Table  III.  All  of  the 
materials  tastad,  axoapt  one,  significantly  improved  the  lubricity  of  olay 
filtered  JP-S  at  ooncantrations  below  500  ppm.  Minimal  additional  affacta 
wara  raaliaad  by  inoraaaing  tha  nitrogan  concentration  beyond  the  level 
needed  to  gat  a USD  of  approximately  0.27  ssn. 

0.  Oxygen  Oesapounda  (other  than  organic  aoids) . MXL-T-5834K  does  not 

specify  an  uppar  limit  for  the  oxygen  concentration  of  JP-5>  however, 
reference  7 reported  that  JP-5  might  contain  aa  much  as  1000  psm  of  oxygen 
containing  oompounda.  rive  typaa  of  oxygen  oonpounds  wars  evaluated  in 
Olay  filtered  JP-5  at  ooncentrationa  up  to  500  ppn.  Reaulta  era  listad 
in  Tabla  XV.  Nona  of  tha  ocstpounda  improvad  lubricity  at  low  concantrationai 
thraa  provided  axidarata  laprevaiamt  at  high  oonoantrations  while  two  madf 
lubricity  voraa. 

d.  Orcanio  Aoida. 

(1)  Tha  maximum  allowable  acid  number  in  JP-5  ia  limited  by  mil-t- 
5624X  to  0,015  or  about  46  ppm  (wt)  as  deer  nolo  acid.  Organic 
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acids  of  all  types  (paraffinic,  aromatic  and  naphthenle)  were  found  to 
significantly  improve  the  lubricity  of  JP-S  fuel  at  concentrations  well 
below  the  maximum  allowable.  Data  on  a variety  of  acids  is  presented 
in  Table  V.  The  effectiveness  of  all  acids  increases  very  rapidly 
with  increasing  concentration  until  a WSD  of  about  0.  ran  is  achieved. 
Further  additions  of  acid  have  only  minimal  effects  on  lubricity. 

(2)  Correlation  between  aci.d  number  and  WSD.  Since  organic  acids 
were  shown  to  improve  the  lubricity  of  JP-5,  a study  was  made  to  determine 
whether  the  measured  acid  numbers  (ASTM-D-3242)  of  fuels  would  correlate 
with  their  lubricity.  Results  are  shown  in  Table  VI.  They  indicate  that 
WSD' 8 tend  to  get  smaller  as  acid  number  increases.  The  scatter  of  the 
deta,  however,  appears  to  preolude  using  acid  number  to  predict  WSD.  The 
lack  of  a strong  oorralation  between  aoid  number  and  WSD  is  probably  due 
to  the  feat  that  impurities  other  than  acids  also  contribute  to  lubricity. 

e.  Combinations  of  Elements.  The  affects  of  several  compounds 
containing  more  than  one  hetaroatom  are  shown  in  Table  VXI.  Compounds 
containing  only  nitrogen  and  oxygen  have  poaitive  effects  on  lubricity) 
none  of  the  compounds  containing  sulfur  had  any  positive  affects  on 
lubricity. 

£.  These  results  show  that  Inpurltlas  play  a significant  rola  in 
detsraining  the  lubricity  of  JV-S  and  that  their  removal  by  hydrotreating 
or  filtration  will  result  in  a fuel  with  poor  lubricity. 

7.  Effects  of  Additivas  on  Lubricity.  The  additives  evaluated  in  this 
report  ere  those  which  ware  approved  for  use  at  the  time  the  work  was  done. 
Changes  since  then  have  removed  sene  of  the  antl-oxldenti  from  the  qualified 
products  list. 

a.  Anti-ioim  Additive.  The  current  anti-loing  additive,  ethylene 
glycol  mononethyl  ether,  has  no  msasuraable  effect  on  lubricity  at 
concentrations  up  to  the  maxlmun  allowed  in  JP-5  (O.IS  percent  volume). 

b.  Corrosion  Inhibitors 

(1)  Corrosion  inhibitors  have  been  found  to  effective  lubricity 
improvers.  They  are  required  in  Jf-4  for  lubricity  reasons;  howsvar,  they 
are  not  permitted  in  JP-S  without  prior  approval.  Ona  of  the  Approved 
corrosion  Inhibitors, HLteo  K>515,  Is  currently  being  used  in  ships  of  the 
fleet  as  a lubricity  Improver. 

(2)  The  effect  of  twelve  addltlvee  Ileted  in  reference  8 on  the 
lubricity  of  clay  flltefad  JP>5  was  datcmlnad.  Each  additive  wee  evaluated 
at  Its  relativa  affactlve,  minlmuB  affebtlva  and  maximum  allowable  concsn>' 
trstldns.  Test  results  are  shown  in  Table  VXIX.  They  show  that  all  of  the 
additives  Improved  the  lubricity  of  clay  filtered  JP-S  et  all  concentrations 
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tried.  The  effectlveuese  of  each  additive  Increased  with  increasing 
concentrations.  These  results  are  very  similar  to  those  reported  in 
reference  3 on  the  effect  of  corrosion  inhibitors  on  the  lubricity  of 
an  aroma tic -free  solvent. 

(3)  The  aimilaritias  between  oorroalon  inhibitors  and  organic 
acids  are  not  ooinoidantal.  Although  their  actual  formulations  are 
proprietary,  several  of  the  inhibitors  are  known  to  contain  organic 
acids  as  one  of  their  active  ingredients. 

c.  Anti-oxldanta.  The  effect  of  anti-oxidants  approved  for  use  in 
JP-5  was  determined.  Two  general  types  of  anti-oxidants  were  evaluated: 
phenols  and  phenylene  diamines.  The  compounds  tasted  were  evaluated  at 
their  maximum  allowable  concentrations  in  JP-5.  Test  results,  presented 
in  Table  IX,  show  that  none  of  the  antl-oxidanta  evaluated  had  any  sig- 
nificant affects  on  lubricity. 

d.  Other  Additives.  The  effeotivenass  of  «.  lubricity  additive  used 

in  JP-7  (MZL-T-36219) , PWA-536,  was  evaluated.  PWA-536  is  required  in  JP-7 
at  a concentration  of  between  200  and  300  ppm  (vol) . Test  results  are 
shown  in  Figure  3.  They  show  that  the  effectiveness  of  PWA-536  is  a linear 
function  of  its  concentration  in  140  solvent.  In  addition,  it  requires 
a much  higher  concentration  than  the  corrosion  inhibitors  to  be  equally 
effective. 

8.  Effect  of  Pure  Compounds.  The  effacte  on  lubricity  of  pure  compounds 
representative  of  those  typically  found  In  JP-5  were  evaluated.  The  types 
of  oonpounda  studied  ware  straight  and  branched  chain  paraffins,  aromatics 
and  polyoyclio  aromatics.  Up  to  five  paroant  (vol)  of  aaoh  compound  was 
added  to  olay-filtarad  JP-5.  The  pure  materials  were  filtered  through 
silica  gel  end  0.22  mloron  mllllpore  filters  to  nsmova  impurities  before 
being  added  to  the  teat  fuel.  Teat  results,  listed  in  Table  X,  show  that 
moderate  changes  In  oomposltion  do  not  elgnlfloantly  improve  the  lubricity 
of  JP-S.  In  some  oases,  the  lubricity  of  the  fuel  with  added  pure  material 
is  worse  than  the  original. 

9.  Effects  of  Fuel  Oanpositlon.  The  effects  of  changes  in  fusl  oompoeition 
on  lubricity  vers  evaluated  using  a ssriea  of  JP-5  fusls  that  wars  blended 
at  a refinery  as  part  of  a study  on  the  effects  of  broadsnlng  fusl  spec- 
if ioations  on  perfomanoe  (referenae  9).  The  apeclfloation  changes  evaluated 
wars  distillation  end  point,  olefin  content,  aromatic  content  and  naphthalene 
content.  Bach  fuel  was  olay-filtered  before  testing  to  rsmovs  any  impurities 
that  might  intarfsrs  with  raaulta.  Test  rssults,  including  dsteiled  spso- 
ifioation  ohangss  for  each  fusl,  ars  pxeaantad  in  Tabls  XX.  They  show  that 
large  increases  in  distillation  end  point,  naphthalene  content,  eronatios 
oontent  and  olafins  content  will  lower  the  N8D  of  JP-5  fuoli  however,  the 
else  of  the  deoraasee  affectively  precludee  epeoifioetlon  changes  from 
being  e practical  mathod  of  lowering  W8D. 

10.  Effect  of  EiendinB  ruela  on  liubrioity. 

a.  Undar  fiald  oonditiona,  it  would  be  rjsra  that  a singla  batch  of 
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fuel  would  go  from  refinery  to  alroraft  without  being  mixed  with  other 
batches  of  fuel.  For  this  reason  a study  was  made  to  determine  the 
effects  of  blending  fuels  with  different  lubrioltles  on  WSD.  The  fuels 
tested  were  JP-S.  clay-filtered  JP-5»  and  140  solvent.  Each  fuel  was 
blended  with  the  others  in  varying  proportions  and  the  WSD 'a  of  the 
blends  measured.  Results  are  presented  In  Figure  4.  They  show  that 
blending  small  amounts  of  JP-5  with  either  clay-filtered  JP-5  or  140 
solvent  results  in  a large  decrease  In  WSD  while  blending  clay-filtered 
JP-S  with  140  solvent  results  in  a roughly  linear  graph  of  concentration 
versus  WSD  over  the  entire  concentration  range. 

b.  These  results  can  be  explained  by  referring  back  to  the  work  done 
on  the  effects  of  Impurities  on  lubricity.  That  work  showed  the  WSD 
decreased  rapidly  with  Increasing  impurity  oonoentxatlon  until  a certain 
threshold  concentration  was  reached.  Beyond  this  threshold  concentration, 
further  additions  of  impurity  had  very  little  effect  on  WSD  (Tables  XIX, 
IV,  V and  VII) . 

0.  Xn  Figure  5,  the  type  of  response  shown  for  individual  impurities 
is  generalised  to  the  case  of  a real  fuel,  which  will  contain  many 
different  types  of  impurities.  The  actual  impurity  concentrations  are 
not  shown  because  they  would  vary  depending  on  the  specific  impurities 

present. 

d.  For  a fuel  with  good  lubricity,  there  is  a good  chance  that  its 
impurity  level  will  fall  on  the  flat  portion  of  Figure  5 (Point  A)i  i.e., 
there  is  an  **exoess"  of  impurity  over  the  amount  needed  to  achieve  the 
good  lubricity.  When  a small  aiaount  of  a good  lubricity  fuel  with  an 
excess  of  impurity  is  mixed  with  a fuel  with  little  (clay-filtered,  Point 
B)  or  no  (140  solvent.  Point  C)  impurity,  the  total  impurity  level  is 
shifted  to  the  vicinity  of  Point  D.  Due  to  the  steepness  of  the  curve 
in  the  low  ooncentretion  range,  the  mnall  inorcaea  in  impurity  level 
oauees  a large  decreesa  in  WSD. 

a.  Xf  two  fuels  with  little  or  no  Impurities  ars  mixed  (Points 
B and  c) , there  is  no  "exaese*  Isqpurity  avelleble  end  the  lubricity  of 
the  mixture  varies  with  ths  oonosntratlon  of  ths  individual  conponants 
in  an  approxlmatsLy  linear  relationship. 

f.  Ths  tcohnlgus  of  blsnding  small  amounts  of  a fual  having  good 
lubricity  with  a fuel  with  poor  lubricity  to  bring  the  lubricity  of  the 
blended  fuel  into  the  aooapteble  range  could  be  utilised  in  the  field  to 
help  prevent  problsme  oeueed  by  poor  lubricity  fual.  For  example,  If  a 
batch  of  fuel  known  to  have  been  severely  hydrotreated  is  rsosived,  it 
could  be  split  up  among  a large  nvisber  of  atorage  tanka,  saoh  of  which 
already  contains  some  fuel  having  good  lubricity,  inetaad  of  being  stored 
eaparately  in  one  or  two  tanks. 

Mgeot  of  bares  Ctonaes  ^WwmidUy  on  lA^riglty.  The  effects  of 
largo  changes  in  humidity  on  fW'  are  shewn  in  figure  ft.  Three  fluids 
wars  studiedi  JP-S,  olay-flltared  JP-S  end  140  solvent,  laoh  fuel 
raaoted  differently  to  ohaiwres  In  taasldity.  The  WID  of  the  jp-S  increased 
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slowly  with  Incrsaslng  hvonldlty  until  the  relative  humidity  reached 
40  percent.  Further  Increases  in  humidity  had  no  affect  on  WSD.  The 
WSD  of  the  olay-f ilterad  JP-5  Increased  slowly  with  Increasing  relative 
humidity  over  the  entire  range  of  humidities  tested.  The  MSD  of  the 
140  solvent  increased  rapidly  with  Increasing  humidity  between  0 and 
30  percent  R.H.  Above  30  percent  K.H.  scuffing  occurred  and  made  accurate 
measurements  of  WSD  Impossible. 

12.  Effect  of  Dissolved  Oxygen  on  Lubricity. 

a.  The  effect  of  dissolved  oxygen  on  lubricity  was  determined.  Three 
tost  fluids  ware  usedi  JF-5,  olay-flltared  JP-5,  and  140  solvent.  Oxygen 
VMS  removed  from  the  system  by  purging  the  test  fluid  with  nitrogen  instead 
of  air.  The  oxygen  content  of  the  test  fluid  was  not  measured. 

b.  It  was  found  that  removing  oxygen  lowered  the  WSD's  of  the  clay- 
filtered  JP-5  and  the  140  solvent  from  over  0.60  mm  to  less  than  0.30  mm 
vdille  it  had  only  a small  effect  on  the  WSD  of  JP-5.  Test  results  are 
shown  In  Table  XXI.  They  show  that  even  under  the  most  severe  conditions 
(80  percent  R.H.),  the  WSD  of  140  solvent  and  clay-filtered  jp-5  remained 
very  low.  In  addition,  the  use  of  high  concentrations  of  tvro  lubricity 
Ijdprovlng  materials,  Kltec  S-515  and  dllinolelo  add,  had  no  additional 
effect  on  the  lubricity  of  the  deoxygenated  140  solvent  or  clay-filtered 
JP-S. 


0.  The  significant  incrsases  In  wear  caused  by  oxygen  have  previously 
been  reported  in  reference  10*  Reference  10  attributed  the  increase  In 
vfear  in  the  presence  of  oxygen  to  a slmpla  corrosive  wear  mechanism, 
involving  the  fennation  and  rubbing  away  of  metal  oxides  on  the  metal 
surface. 

d.  In  order  to  understand  vdvy  oxygen  had  only  a small  affect  on  the 
lubricity  of  unflltertd  JP-5  and  why  known  lubricity  linprovers  had  no 
effects  on  deoxygenated  fuel,  it  is  necessary  to  axanins  what  is  occurring 
at  the  matal-test  fluid  interface.  At  the  interface,  dissolved  oxygen 
ccwpetes  with  polar  matarlala  in  the  tast  fluid  for  adsorption  on  the 
matal  surface.  When  both  are  present,  the  polar  materials  are  prafarantially 
adsorbed  and  prevent  the  oxygen  from  raeohlng  the  surface  and  reacting  there. 
This  la  v«hy  unfiltered  JP-5  and  fluids  having  a auffioiant  concentration 
of  added  polar  materials  have  good  lubricity.  They  have  a relatively  high 
oonoentratioh  of  polar  materials  which  adsorb  on  the  surfsos  and  keep  most 
0f  the  omygen  away.  Thus  the  reaxyval  of  the  dissolved  oxygen  by  nitrogen 
purging  has  little  effect.  Clay-filterad  JP-5  and  140  solvent,  on  the  other 
hand,  oontaln  very  few  polar  oooq^ounds.  Menoa,  more  oxygen  can  reach  tha 
surface  and  react  to  form  oxides  which  ars  Worn  away  st  high  rstss.  Removal 
of  oxygen  by  nitrogen  purging  significantly  lowers  the  oxygen  concentration 
on  the  surface  and  heocc  significantly  lovMrs  tha  wear  rats  also. 

e.  An  examination  of  the  deta  in  Tablas  III,  V,  VZII,  and  XXX  indicates 
that  preventing  oxygen  from  reaching  tha  surface  by  nitrogen  sparging  or 
by  the  addition  of  polar  materials  such  as  orisnio  acids,  corrosion  inhibitors 
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and  nitrogen  aontainlng  compounda  will  only  lower  the  WSD  ct  JP-5  fuel 
or  140  solvent  to  about  0.37  nu  under  otandard  operating  oonditions. 

Once  WSD  is  achieved,  further  additions  of  polar  oontpounds  have  virtually 
no  effect  on  WSD.  This  is  also  illustrated  in  Table  XIXl,  which  shows 
the  effects  of  very  high  oonoentratione  of  Hitec  S-SIS  on  the  WSD  of 
140  solvent.  The  data  shows  that  once  a WSD  of  about  0.27  mn  is  reached, 
further  additions  of  Hitec  E-515  have  very  little  effect. 

f.  Thus  it  appears  that  wear  phenomena  observed  in  the  BOOM  using 
JP-5  and  140  solvent  can  be  divided  into  two  types:  oxygen-related  wear 

and  non-oxygen  related  wear.  Under  standard  conditions,  WSD's  above 
0.27  mm  can  be  attributed  to  oxygen  reaching  the  surface,  reacting  and 
the  reaction  products  being  worn  away.  Hon-oxygen  related  wear,  which 
is  belioved  to  be  dependent  on  the  physical  properties  of  the  test  fluid, 
produces  a fixed  WSD  of  about  0.27  tran  under  standard  conditions  for  JP-5 
and  similar  fluids. 

13.  Effect  of  Large  Load  Changes  on  Lubricity.  The  effect  of  large  changes 
in  load  on  the  lubricity  of  three  test  fluids,  JP-S,  clay-filtered  JP-5, 
and  140  solvent,  was  examined.  Data  is  presented  in  Table  XIV.  jp-S  fuel 
acts  about  as  expaotedi  its  WSD  increases  steadily  from  0.20  mm  to  0.31  tmn 
as  the  applied  load  is  raised  from  200  g to  1200  g.  Clay-filtered  JP-S 

and  140  solvent  aot  differently.  Their  WSD's  go  through  a maximum  at  a 
low  load,  then  show  a rapid  decrease  followed  by  a slow  increaso  at 
highest  loads.  This  unusual  behavior  is  believed  to  be  related  to  the 
lack  of  polar  impurities  in  the  two  fuels.  At  low  loads,  oxygen  is  able 
to  react  on  the  surface  to  form  corrosion  products  that  are  rapidly  worn 
away.  As  the  load  is  increased,  the  temperature  at  the  point  of  contact 
between  the  ball  and  cylinder  Increases  rapidly.  (According  to  reference 
11,  local  surface  temperature  increases  as  (load)  kit  Thus  if  the  load 
is  tripled,  local  temperature,  in  degrees  centigrade,  increases  by  a factor 
of  about  1.3).  The  high  looal  temperatures  can  cause  the  thermal  and 
oxidative  breakdown  of  normally  non-roactlve  components  in  the  test  fluid 
to  produce  reactive  components.  These  reactive  components  may  then  be 
adsorbed  on  the  surface  and  keep  some  of  the  oxygen  away.  This  results 
in  lower  WSD's.  As  loads  increase  further,  the  effect  of  the  higher  load 
begins  to  overoone  the  effects  of  the  newly  formed  rsaotive  materials  and 
WSD's  begin  to  increase  again. 

14.  The  results  of  the  work  on  large  changes  in  load,  humidity,  and  oxygen 
content  indicate  that  extreme  oeution  should  taken  when  compering  WSD's 
obtained  under  different  operating  oonditions.  in  addition,  comparing  two 
fluids  based  on  data  obtained  at  other  than  standard  conditions  should  be 
avoided  because  differences  between  fuel#  may  be  increased  or  deoreased  by 
changing  oonditions.  Data  from  non-standard  operating  oonditions  should 

be  used  only  if  a series  of  known  reference  fluids  has  been  evaluated  under 
the  same  oonditions. 
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FIGURE  2 1 PHOTOGRAPH  OF  BAliL-ON-CYLIWDER  MACHIME 
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TABLE  II 

htfifiaci-  v»f  aVttil^UK  COWi>OOHaS  LUBBlCr 


Han« 

Typa 

Conoantratlon , 
P?n>  

WSD,  nm 

Bum  ru«l 

(clay  fllborad  JP-5) 

- 

0.57 

Butyl  diaulflda 

disulflda 

20 

(vol) 

0.63 

100 

(vol) 

0.60 

2,500 

(vol) 

0.65 

Thlcdcanthana 

azonatlc 

200 

(vol) 

0.55 

UI 

o 

o 

(vol) 

0.59 

-toluanathlol 

thiol 

20 

(vol) 

0.77 

100 

(vol) 

0.^0 

2,500 

(’'oD 

1.01 

Oil>«naothioph«n« 

thiophana 

2,500 

(wt) 

0.55 

TABU  m 
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KFFKT  or  MIOTOCaai  COMfOUMPg  OB  UWRICITy 


»YP« 

Coao*ntvatlon> 

ppm 

USD.  mm 

teM  Fual 

0.57 

(alay  filt«r«d  JV-S) 

M««Mthyl  anollnt 

•xeiMttia  ualn* 

100  (vol) 

0.57 

500  (vol) 

0.53 

M**«thyl  di«thaMl  wdM 

tMPHUC'4Wfttio 

20  (vol) 

0.33 

«mliM 

100  (vol) 

0.28 

500  (vol) 

0.26 

2 -^thy  1 pipwidiM 

no»>arcaHitio 

20  (vol) 

0.55 

bstaroeyolio 

100  (vol) 

0.50 

500  (vol) 

0.36 

OotadceylwUM 

|Miv«fSisio  mMjm 

20  (vt) 

0.43 

200  (wt) 

0.27 

500  (wt) 

0.27 

Bathap^vaaMithrsliM 

pyridiiM 

20  (wt) 

0.50 

200  (wt) 

0.35 

*1 
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TABUI  IV  I 

EFPBCT  OP  MON-BCIOIC  OXyCtTO  COMPOUMDS  OH  LUBRICITY 

I 

Conoantrationf  f 


Nama 

. Typa  . 

ppm 

WSDi  nnt  1 

Baaa  Pual 

1 

0.57 

(Olay  filtarad  jp«5) 

‘ ' 

1 

Hathyl  ootonoata 

aatar  ' 

100  (vol) 

0.64  1 

500  (vol) 

0.87  1 

S,5  dlnathyl-1,3 

katona 

20  (wt) 

0.66  1 

oyc lohaaanadlona 

' 

100  (wt) 

0.40 

200  (wt) 

0.35  1 

500  (wt) 

0.39 

1 

4-taat-butyl- 

phanol Ic 

100  (vol) 

0.54  ■ 

2~RMthyl  phanol 

500  (vol) 

0.45  1 

Dilaopropyl  banaana 

hydvopavoxida 

100  (vol) 

■ 

0.68 

hydroparoxlda 

500  (vol) 

0.51  1 

DibanaoCuron 

furan 

500  (wt) 

0.83  1 

Coppar  aoatylaoatooata 

•1 

20  (wt) 

0.61  I 

100  (wt) 

0.54  " 

200  (wt) 

0.40  m j 

I 

I 

I 

)■! 

■\\ 
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T»ia  V 


mn^ggp  OF  ORSAMIC  ACIDS  OH  LUBRICITy_ 


, Acid 

Nona 

(clay  filtarad  J^-5) 
Palmitic 


Conoantration , 


2.1  (vt) 

3.2  (wt) 

4.3  (wt) 
10.8  (wt) 


WSD.  mm 


Staaric 


2.0  (wt) 

3.0  (wt) 

4.1  (wt) 
10.4  (wt) 


Laurie 


I. 8  (wt) 
)2,7  i(wt) 
3.4i{wt) 
3.6  (wt) 

II. 0  (wt) 


Dacanoic 


1.3  (wt) 
1.8  (wt) 
3.6  (wt) 
10.8  (wt) 


Olaic 


1.6  (vol) 
2,4  (vol) 
3,2  (vol) 
4,8  (vol) 
10.0  (vol) 


23 


Clay  Fllt«r«d  J»~S 

0,00005 

Harpoon  Fual 

0.00057 

JP-5 

0.00059 

Jat  A 

0. 00063 

JP-5 

0.00077 

JP-4 

0.00077 

OP-5 

0.00083 

JP-5 

0.00091 

JP-5 

0.00137 

JP-5 

0.0063 

• 

*Haasurad  aooor41n9  to  A8VN-X>-334a. 

0.35 

0,33 

0.39 


I 

i 

! 
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TiVBXiB  VII 

EFFECTS  Qg  COHPOUWD8  CONTAIHIMO  MORB  THAU  OME  TYPE 
OF  HETEHOATOM  OM  tOBWCCIOT 


Nan* 

Hataro- 

at<xB* 

Conoantra tlont 
pm 

WSDt  mm 

Baa*  Fual 

(olay  £ilt*rad  JF-S) 

0.57 

Nltroao-batamaphthol 

M,0 

20  (wt) 

0.39 

200  (wt) 

0.26 

p~nitrophanol 

H,0 

20  (wt) 

0.41 

200  (wt) 

0.31 

Sulfanilaaida 

M,  0,  8 

200  (wt) 

0.57 

Dlph*  tvlfchioaarbaaon* 

M,  8 

200  (wt) 

0,74 

Dlathyldithlooacbaaio  aoid, 
sodium  salt 

0,  S 

200  (wt) 

0.66 

p-tolyl  sulCoxlda 

0,  s 

200  (wt) 

0.59 

NAKC-n-U2 
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TABLE  IX 

BrrECT  OF  AMTI-OXIDANTS  OKI  LUBRICITY 


Anti-ox  idimt 


Concantratlon  of 
Active  Ingradiantx 


Nona  (clay  filtered  JP-5) 


Phanylanediaminee 

N,  N ^ dieaoondMy*'butyl-paraphenylenediBialne  30  ppn  (vol) 

N,  di-isopropyl  perephenylanadlanlna  30  ppm  (vol) 


Phanola 


100%  alkylated  phenols « pxinolpally  2,  4 30  ppm  (vol) 

ditsrtiary  butylphanol 

100%  alkylated  phenols,  prinoipally  2,  4 30  ppm  (vol) 

dimethyl  6-tartlary  butylphanol 
(min  72%) 

55%  min.  6-  tsrt-butyl-2 , 4-dimethylphsnol  ^ 30  ppm  (vol) 

45%  max,  mixture  of  tert-lxitylphenols  and  ) 
di-tert-butylphanols 


WSD  (mm) 
0.65 

0.56 

0.60 

0.56 

0.65 

0.61 


2,  6 ditertiarybutyl  4-mathylphanol 


30  ppm  (wt) 


0.63 


TABLE  X 

BTFECT  or  BUBB  COMPOWTOS 
Coapound 

Bas«  fu«l  (clay  Ciltarad  JB-5) 

2%  (vol)  n-^od«a«na 
S%  (vol)  n-dodaotiM 
2%  (vol)  1-BMthyl  naphthalon* 

5%  (vol)  1-B«thyl  naphthalana 
2%  (vol)  butyl  b«ni«n« 

5%  (vol)  butyl  bonsan* 

5%  (vol)  2«2,5  - trlMthyl  haxana 


I 

I 

I 

I 

I 
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LOBRICITY 


W3P  (m) 
0.60 
0.73 
0.65 
0.57 
0.73 
0.51 
0.56 
0.57 


i 


,1 
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TBBL8  Xm 

EPFBCT  OF  HIGH  COtlCaBmXTIOMS  OF  HITBC  BSIS 
OM  THB  LUBRICITO  OF  14Q  SOLVENT 


Additive  Cono«ntr»tion,  ppm  (vol)  WSD,  irnn 

None  (140  solvent)  0.69 
12.5  0.42 
25  0.31 
50  0.30 
100  0.27 
200  0.25 


. lH:  )■ 

:}  I ■ 

fVi'V'  * 
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TABU!  XIV 


mPPBCT  or  lARGB  LOAD 

ottMoas 

ON  LUBRlCm 

Load 

jy-s 

Clay 

WSD.  nvn 
filtarad  JP-5 

140  Solvent 

200 

0.20 

0.68 

0.81 

400 

0.24 

0.75 

0.85 

600 

0.2S 

0.86 

0.80 

800 

0.29 

0.62 

0.66 

1000 

0.30 

0.60 

0.76 

1200 

0.31 

0.64 

0.75 

1400 

0.85 
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AgPBHDIX  A 

SPECIFICATIONS  fOR  HALLS  AMP  CVIilMDBWS 


B>U» 

Mafrlali  AISI  52100  St*«I 
Hardnaaa  i 62*64  Roolcwall  C 

Sourcat  Or Ada  25  BP  nanufaoturad  hy  8XF  for  tha  Shall 

four  ball  taatar  (ASTN  0*2596) 

Cvliodarai  Spaelflcatlona  ahoim  on  luuct  paga. 


1.750 
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CLEANING  PROCBDURE  FOR  BALL-OM-CYHWPER  MACHINE 

A.  Cylindwra  - Initial  Cl««n~up 

1.  Naah  with  lab  datargent  and  watar.  Uaa  soft  bristled  brush. 

Avoid  Bcratahing  poliahad  aurfaoa  with  a m«:al  brush  handle. 

2.  Ninaa  thoroughly  with  diatillad  water. 

3.  Air  dry. 

4.  Clean  in  flbxhlat  axtraotor  uaing  a 50/50  mlxtura  of  iaopropyl 
alcohol  and  toluene  or  xylene.  Reflux  for  15  oyclaa  or  two  hours # 
whichever  is  graetar. 

5.  Dry  in  vacuum  desiccator  for  8 hours. 

4.  Store  in  daalcoetor. 

D.  Bella 

1.  Rinaa  with  solvent  to  remove  bulk  of  oil  coating. 

2.  Follow  Stops  4-6  in  A. 

C.  Reservoir 

1.  Disassanbla  reservoir  for  cleaning  after  aaoh  run. 

2.  Clean  reservoir  with  iaoootane. 

3.  Dry  with  vacuum* 

D.  Cylinder  on  Spindle  (between  rune) 

1.  Remove  as  nuoh  tost  fluid  as  possible  from  cylinder  using  suction  and 
by  wiping  with  tissue. 

2.  Rinse  with  osoootane* 

3.  Hips  with  clean  tissue  or  cloth. 

4.  Rinse  and  wipe  again. 

5.  Dry  with  suction. 

6.  Make  sura  all  fluid  is  removed  freai  areas  around  set  screw  and 
shaft/eyliader  contact  areas* 
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